3 . P e r m i t l P e r m i t A p p l i c a t i o n NO.: Dose r a t e s were calculated a t 1 cm and 1 m away from t h e o u t e r surface of a s i n g l e strontium f l u o r i d e (SrF,) capsule u n i t , which i s composed of two encapsulation b a r r i e r s , each f u l l y weld-sealed, on i n s i d e t h e o t h e r . Dose r a t e s were a l s o s i m i l a r l y calculated r e l a t e d t o t h e outside surface of a thinwalled tube-in-tube overpack configuration with a set of 8 strontium f l u o r i d e capsules positioned end-to-end w i t h i n a holder tube c o n c e n t r i c a l l y located along t h e axial c e n t e r l i n e . This work i s an extension of t h e cesium c h l o r i d e dose r a t e c a l c u l a t i o n s i d e n t i f i e d in Reference 1. Because t h e o u t e r dimension of t h e overpack has changed s i n c e t h e reference (cesium c h l o r i d e ) c a l c u l a t i o n s , an additional t a b l e i s included in t h i s r e p o r t updating t h e dose r a t e values f o r 8 cesium chloride capsules in an overpack. Table 1 l i s t s the dose r a t e s calculated f o r a s i n g l e strontium f l u o r i d e capsule w i t h a s a l t (SrF,) density of 2.9 g/cc. corresponding s i n g l e capsule dose r a t e s f o r a s a l t density of 3 . 8 g/cc. For overpacked capsules, Table 3 l i s t s t h e dose r a t e s calculated f o r 8 strontium f l u o r i d e capsules placed i n s i d e t h e proposed overpack with a s a l t (SrF ) d e n s i t y of 2.9 g/cc. Table 4 l i s t s t h e corresponding overpacked ca,su!e dose r a t e s f o r a s a l t density of 3 . 8 g/cc. Because t h e decay chain f o r 'Sr i s dominated by beta r a d i a t i o n emissions, t h e dose r a t e s a r e more than a f a c t o r of ten lower than t h e dose r a t e s reported in Reference 1 f o r t h e decay of 137Cs, which i s dominated by gamma r a d i a t i o n emissions.
Table 5 l i s t s t h e updated dose r a t e s f o r 8 cesium c h l o r i d e capsules i n s i d e an overpack with a s a l t (CsC1) density of 2.6 g/cc, and Table 6 l i s t s t h e c a l c u l a t e d dose r a t e s f o r t h i s same configuration f o r a s a l t d e n s i t y of 3.8 g/cc. reported in Reference 1, but r e f l e c t t h e modified overpack diameter. Locat i on I- Table 2 . Dose Rates f o r a s i n g l e SrF, capsule w i t h a d e n s i t y o f 3.8 g/cc. 
MODEL FOR A SINGLE STRONTIUM FLUORIDE CAPSULE
Per discussions with E. H. Randklev, two d i f f e r e n t strontium f l u o r i d e d e n s i t i e s were used in t h e c a l c u l a t i o n s . A density of 2.9 g/cc (2.02 g/cc strontium, 0.88 g/cc f l u o r i d e ) was used t o represent a smeared d e n s i t y a s referenced i n t h e BUSS cask Safety Analysis Report f o r Packaging (SARP). 2.9 g/cc i s 70 % of t h e o r e t i c a l density. A density of 3.8 g/cc (2.65 g/cc strontium, 1.15 g/cc f l u o r i d e ) was used t o represent the actual expected d e n s i t y a s provided by reference information from E. H. Randklev. Dose r a t e s were c a l c u l a t e d a t both 1 cm and 1 m away from t h e outer surface of t h e o u t e r capsule envelope of t h e doubly encapsulated s a l t column. Appendix A includes t h e ISOSHIELD input f i l e s used f o r t h i s case. The s i n g l e strontium f l u o r i d e s a l t column was modeled a s a
The t h r e e generations of wall thickness f o r t h e o u t e r
The Hastelloy C-276 was modeled as 6.6639 g/cc n i c k e l , 0.4443 g/cc i r o n , 1.4216 g / c c chrome and 0.3554 g/cc tungsten f o r a t o t a l density of 8.885 g/cc (0.321 l b s / c c ) The 316 s t a i n l e s s s t e e l a l l o y f o r t h e o u t e r b a r r i e r of t h e Hanford SrF capsules was modeled as having a composition of 1.106 g/cc n i c k e l , 5.352 g/cc iron and 1.422 g/cc chrome and a d e n s i t y of 7.90 g/cc. Figure 1 provides a general i l l u s t r a t i o n (Randklev) of t h e capsule loaded overpack design concept t h a t was used in these analyses. 4 l i s t t h e dose r a t e s calculated f o r 8 strontium f l u o r i d e capsules placed endto-end i n a thin-walled s t a i n l e s s s t e e l tube-type overpack design. configuration, t h e s a l t column of strontium f l u o r i d e i s modeled as a cylinder with a radius of 1.005 i n . (2.5527 cm) o r 0.989 i n . (2.51206 cm) depending on t h e capsule wall thickness. Surrounding the s a l t column i s an inner capsule of Hastelloy C-276 (Nickel base a l l o y ) with a minimum thickness of 0.12 i n . (0.3048 cm) and a maximum thickness of 0.136 i n . (0.34544 cm) Surrounding t h e inner capsule i s an outer s t a i n l e s s s t e e l capsule, which was modeled a s a minimum thickness of 0.109 i n . (0.27686 cm) and a maximum thickness of 0.136 i n . (0.34544 cm), from the s e t of t h r e e generations of tubing design. Surrounding t h e s t r i n g of e i g h t capsules, positioned end-to-end, i s a 3 . 0 i n . OD, 0.25 i n . t h i c k s t a i n l e s s s t e e l tube t h a t i s positioned down t h e axial c e n t e r l i n e of this overpack. This tube i s then surrounded by t h e o u t e r s h e l l of t h e overpack, which c o n s i s t s of a 24 i n . OD, 3/8 i n . t h i c k s t a i n l e s s s t e e l tube, which i s closed w i t h weld-sealed caps a t both ends (Randklev 1996b) .
MODEL FOR 8 STRONTIUM FLUORIDE CAPSULES IN AN OVERPACK
Because t h e ISOSHIELD code can only model a t most 5 " s h i e l d s " ( i . e . r a d i a t i o n shielding b a r r i e r s ) , t h e above geometry was modeled w i t h t h e following 5 choices f o r t h e "shields". Shield 1 i s t h e source region ( i . e . s a l t column) with a minimum radius of 0.989 i n . (2.51206 cm) and a maximum radius of 1.005 i n . (2.5527 cm). Shield 2 i s t h e Hastelloy C-276 ( i n n e r capsule b a r r i e r ) w i t h a minimum wall-thickness of 0.12 i n . (0.3048 cm) and a maximum wall-thickness of 0.136 i n . (0.34554 cm) ( i . e . , per t h e two generations of capsule tubing design). thickness options were taken from t h e Washburn (1989) reference, and were a l s o used in performing t h e dose r a t e c a l c u l a t i o n s reported in t h e Schwarz (1995) reference. Shield 3 i s modeled a s a s t h e dimensional combination of t h e r e s p e c t i v e wall thicknesses of two 316 s t a i n l e s s s t e e l components of t h e overpacked capsule configuration. Shield 3 combines the o u t e r capsule wall and t h e 0.25 i n . t h i c k (capsule) holder tube of t h e thin-walled overpack design concept (Figure 1 The " s h i e l d " material compositions a r e t h e same as those assumed f o r the Dose r a t e s were c a l c u l a t e d
The ISOSHIELD input f i l e f o r t h i s case i s l i s t e d i n Appendix 8.
. 0 MODEL FOR 8 CESIUM CHLORIDE CAPSULES I N AN OVERPACK

Tables 5 and 6 l i s t t h e dose r a t e s calculated f o r 8 cesium c h l o r i d e capsules placed i n t h e proposed overpack. Again, r e f e r t o Figure 1 ( Randklev) f o r a general i l l u s t r a t i o n of t h i s design concept.
For t h i s configuration, t h e cesium chloride s a l t column i s modeled as a c y l i n d e r with a nominal radius of 1.03 i n . (2.6162 cm), 1.022 i n . (2.59588 cm) o r 0.9915 i n . (2.51841 cm) depending on the respective wall thickness of the t h r e e generations of s t a i n l e s s s t e e l tubing used during t h e production h i s t o r y (Washburn, 1989) . Surrounding t h e s a l t column ( r a d i a t i o n source) region i s an inner and an o u t e r set of 316 s t a i n l e s s s t e e l tubes with each tube capped and f u l l y sealed by welding.
The capsules a r e encased i n a 3.0 i n . OD, 0.25 i n . t h i c k s t e e l tube. This tube i s then surrounded by t h e outer s h e l l l a y e r of
WHC-SD-WM-TI-790 REV 0 t h e overpack which i s s t a i n l e s s s t e e l t u b i n g t h a t i s 24 i n . OD, and 3/8 i n t h i c k .
Because t h e ISOSHIELD code can o n l y model up t o 5 " s h i e l d s " ( i . e . r a d i a t i o n s h i e l d i n g b a r r i e r s ) , t h e above geometry was modeled w i t h t h e f o l l o w i n g 4 choices f o r t h e " s h i e l d s " . S h i e l d 1 i s t h e source r e g i o n ( i . e . s a l t column) w i t h a r a d i u s o f 1.03 i n . (2.6162 cm), 1.022 i n . (2.59588 cm) o r 0.9915 i n . (2.51841 cm). S h i e l d 2 i s composed o f t h r e e s t a i n l e s s s t e e l components o f t h e overpacked capsules, as viewed i n a r a d i a l cross-section; namely, t h e i n n e r and o u t e r capsule b a r r i e r t u b i n g w a l l s p l u s t h e t h i c k n e s s of 
g/cc) t o approximate t h e nominal smear d e n s i t y , i n c l u d i n g t h e range above and below a s o l i d s t a t e CsCl phase t r a n s f o r m a t i o n , which i s a l s o m o d i f i e d by selected i m p u r i t i e s . tubes o f t h e cesium c h l o r i d e capsule design are made o f 316 s t a i n l e s s s t e e l .
Dose r a t e s were c a l c u l a t e d a t 1 cm and 1 m away from t h e o u t s i d e o f t h e overpack. The ISOSHIELD i n p u t f i l e s ( i . e . 1 f i l e f o r each o f t h e two d e n s i t y assumptions) f o r these cases are l i s t e d i n Appendix C. Tables 1 through 3 were obtained from Randklev (1996b) Dose r a t e s were c a l c u l a t e d a t each decay t i m e f o r both t h e average and maximum estimates o f capsule i n v e n t o r y ( K i l o c u r i e s ) and f o r t h e maximum and minimum capsule w a l l thicknesses.
The cesium c h l o r i d e r a d i a t i o n source was a l s o modeled f o r two d e n s i t y Both o f t h e encapsulation
SOURCE DESCRIPTION The capsule r a d i o i s o t o p e i n v e n t o r y sources f o r t h e dose r a t e analyses r e s u l t s i n
CALCULATION
A l l c a l c u l a t i o n s were done u s i n g t h e ISOSHIELD computer code (Reference 3), t h e " b u i l d u p f a c t o r " ( i . e . f a c t o r t o account f o r c o l l i s i o n s w i t h i n t h e s h i e l d s ) primary s h i e l d i n g m a t e r i a l was s p e c i f i e d f o r t h e l a s t ( s t e e l ) s h i e l d l a y e r r a d i a l l y outward from t h e c e n t e r o f t h e capsule, across t h e r a d i a l cross s e c t i o n , f o r t h e two general a n a l y s i s cases ( i . e . both s i n g l e capsule and overpacked capsule). The ANSI/ANS(1991) f l u e n c e t o dose conversion f a c t o r s were used i n c a l c u l a t i n g t h e dose r a t e s w i t h t h e assumption t h a t t h e r a d i a t i o n REV 0 Appendix A. ISOSHIELD I n p u t F i l e f o r 1 Strontium F l u o r i d e Capsule. values r e l a t i v e t o t h e kCi/capsule values ( i . e . , we do n o t need t o f o r m a l l y r u n t h i s case i n t h e code).
Please l e t me know your recommendation. c. A t present I do n o t t h i n k you have need f o r t h e decay values f o r 2035 t h a t I p u t i n my l e t t e r o f 8/30/96. T h i s s i t u a t i o n w i l l o n l y be r e l e v a n t t o t h e thermal a n a l y s i s work t h a t Eldon Cramer w i l l be doing. d. I am s t i l l somewhat concerned about t h e s a l t d e n s i t y value t h a t you use i n your analyses. I can see where t h e "smeared" d e n s i t y value used i n t h e p a s t s h i e l d i n g c a l c u l a t i o n s (per r e f . t o SARP work on BUSS cask) w i l l y i e l d c o n s e r v a t i v e dose r a t e values. However, f o r MCNP and t h e energy d e p o s i t i o n p r o f i l e , g i v e n o u r primary concern about sa1t:metal i n t e r f a c e temperatures, I am concerned about any use o f such a "smeared" d e n s i t y v a l u e i n MCNP. To what e x t e n t i s MCNP even s e n s i t i v e t o t h e d e n s i t y v a l u e used f o r t h e s a l t ? ACTION/Randy: Get back t o me on t h i s one.
Please do t h e dose r a t e determinations f o r t h e decay years o f 2000, 2010 and 2030 f o r a s i n g l e capsule (max. and ave. i n v e n t o r i e s ) and an overpacked s e t o f 8 capsules (max. and ave. i n v e n t o r i e s ) .
Namely, 2000 i s now t h e e a r l i e s t s t a r t d a t e o f
Please l e t me know i f I am wrong, b u t I do NOT t h i n k t h i s 2. S t r o n t i u m F l u o r i d e Capsule Analyses: a.
